A commercially available 1-hour enzyme immunoassay (EIA) for detecting the presence of Clostridium difficile toxins A and B was evaluated for use in diagnosis of C. difficile infections in neonatal swine. This test was compared with a tissue culture cytotoxicity assay, which is considered to be the reference standard for the detection of C. difficile toxins. Twenty-seven samples of colonic contents and 23 fecal samples were collected from freshly euthanized neonatal swine with a history of scours. Of the 50 specimens tested, 20 were positive by the EIA test and tissue culture and 24 were negative by both tests, for an overall correlation of 88%. The sensitivity and specificity of the EIA were 91% and 86%, respectively, and the positive and negative predictive values were 84% and 86%, respectively. The EIA test is considered suitable as an aid for the diagnosis of C. difficile enteritis because of the high correlation between EIA results and those of the tissue culture cytotoxicity assay.
Clostridium difficile is an important cause of antibioticassociated diarrhea and pseudomembranous colitis in humans, 7, 8 horses, 6, 12 and laboratory rodents. 1, 9, 13 Recently, C. difficile has been reported as an agent of neonatal swine enteritis. 14, 16 Laboratory procedures that have been employed for C. difficile disease diagnosis include bacteriologic culture, cell culture cytotoxicity assays, latex agglutination tests for a clostridial surface antigen, and enzyme immunoassays (EIAs) for C. difficile toxins A and B. 7 However, detection of toxins in the feces through demonstration of neutralizable cytotoxic effects with cultured cells has been regarded as the reference method. 3, 5 Although sensitive and specific, these assays are too cumbersome for routine use in clinical settings and have a long turnaround time (5-7 days). Culture and latex agglutination methods do not distinguish between toxigenic and nontoxigenic isolates. The polymerase chain reaction with primers specific for toxin A and B gene sequences can be used to identify isolates that carry copies of these genes but cannot be used to determine whether toxin expression has occurred. EIAs, however, are rapid, sensitive, and relatively easy to perform and have the added advantage of toxin detection. 2, 11 A commercial EIA a was compared with a tissue culture cytotoxicity assay using Chinese hamster ovary (CHO) cells. 4, 15 All 50 swine colon or fecal specimens included in this study were submitted to the Rollins Animal Disease Diagnostic Laboratory (Raleigh, NC) for routine diagnosis of neonatal enteritis in swine. For economic and timesaving reasons, the specimens were collected at the time of submission in sterile containers and were held at Ϫ70 C until the time of testing. Storage times ranged from 7 to 28 days. The EIA was conducted according to the manufacturer's directions using kits from a single lot. The test protocol includes microwells with antibodies to C. difficile toxins A and B. Test wells are coated with polyclonal goat antibody against the toxins. The detecting antibody is a mixture of toxin A monoclonal mouse antibody and toxin B polyclonal goat antibody, both conjugated to horseradish peroxidase. An aliquot of either colonic contents or feces was emulsified in the kit diluent. One hundred microliters of diluted specimen was then transferred to a microtiter well. Any toxins present in the specimen bound to the well, which subsequently bound the detecting antibodies. Upon the addition of substrate, a color change occurred in the wells with enzyme-antibody-antigen complexes formed in the presence of toxin. Results were read visually against a white background, and any yellow color was interpreted as a positive reaction. Positive and negative controls were performed with each series of test specimens.
The tissue culture assay was performed according to a standardized protocol using CHO cells. 15 Serial 2-fold dilutions of test specimens were prepared for determination of cytotoxicity titers. The endpoint titers were expressed as the reciprocal of the highest dilution giving a 50% cytopathic effect (CPE). Titers of Ն64 were considered positive, and those of Յ32 were considered negative. Positive designations were confirmed by neutralization of CPE with a hightiter antiserum. b Of the 50 specimens, 20 were positive by EIA and the tissue culture assay, and 24 specimens were negative by both tests ( Table 1 ). The overall correlation between the 2 tests was 88%. Two specimens were negative by EIA but positive by tissue culture assay with titers of Ն64. False-negative results by EIA may be attributed to toxin degradation due to freezing and thawing of specimens. Some specimens may lose their cytotoxic activity during a single freeze/thaw cycle. 10 Because the tissue culture assay is a more sensitive test, it may have been better able to detect the lower level of toxins. Four specimens tested weakly positive by EIA but had low tissue culture assay titers (Յ32) that did not neutralize with antiserum. Colonic or fecal matter contain components inherently toxic to cultured cells, and this toxicity cannot be neutralized with specific antiserum. If only low levels of toxin are present, their activity may be masked by the inherent toxicity of the colonic or fecal sample. In addition, weak positive results by the EIA may be attributed to the presence of binding substances or inactivating enzymes in the specimens, thereby confusing the EIA results. 10 The manufacturer's recommendations for the EIA state that for optimal results fresh specimens should be held at 2-8 C and tested within 24 hours of collection.
This study was undertaken to evaluate the performance of a commercial EIA as an aid to the diagnosis of neonatal swine enteric disease due to C. difficile. Because the tissue culture cytotoxicity assay is the reference standard for the diagnosis of C. difficile-associated disease, it was selected for comparison to the EIA. The correlation between the results of the EIA and those of the tissue culture assay was high, 88%. Sensitivity and specificity of the EIA were also high, 91% and 86%, respectively. The positive predictive value was 84%, and the negative predictive value was 86%. These values are in agreement with those of other studies, in which EIA was relatively sensitive and specific when compared with tissue culture assays. 3, 11 Based upon this evaluation, the commercial EIA was deemed suitable as an aid for the diagnosis of C. difficile enteritis in neonatal swine. Furthermore, the EIA was easy to perform and results were available within 1 hour. Processing specimens as per the manufacturer's recommendations may decrease the number of false-positive or falsenegative reactions.
Sources and manufacturers
a. Clostridium difficile Tox A/B Test, TechLab, Blacksburg, VA. b. Clostridium difficile Toxin/Antitoxin Kit, TechLab, Blacksburg, VA.
